. One line of thought sees these structures as an appropriate tool for studying some specific frustration effects. Another one sees the diamagnetic superconducting currents as a sensitive tool for studying the topology of regular or irregular network structures [2] [3] [4] . Up to now the considered networks fall into three categories : simple finite geometries (single ring, double-loop, etc.) ; infinite regular arrays (square or honeycomb lattices, Sierpinski gasket or carpet, Penrose quasi-periodic patterns, etc.) and disordered structures (percolation clusters). In all these cases, attention has been focused on the following physical properties : i) the critical field for the onset of superconductivity He, ii) magnetization M(T, H) and derivatives aM/aT, aM/aH ant zero or finite field, iii) mixed state (current distribution, order parameter configurations, etc.). In this respect, the important problem of the critical current Ic has not been worked out in details. To our knowledge the only available calculation of 7p is that of reference [5] where the zero field limit of Ic has been considered, as well as the case a single ring in a magnetic field.
The main purpose of this paper is to report on some new results relative to the critical currents in a superconducting network at finite magnetic field. In addition to theoretical considerations, we present some preliminary critical current measurements performed on a square array made of submicronic in wires. The paper is organized as follows. Section 2 is devoted to a brief summary of the mixed state properties and the associated supercurrent densities. The network equations with external currents are considered in section 3, with two illustrative exam- ples. The When specialized to a wire network, the above equation reduces to the following set of finite difference equation [2, 4] :
The considered network is supposed made of strands (i,j) of lengths f i j connecting the nodes i where the order parameter assumes the value 1Jt i. In equation (2.1b), yij denotes the phase factor and s is the curvilinear coordinate along the strand (i,j ) (see Fig. 1 [7] and the reader is directed to reference [6] for further details.
It is important to notice that the above formulation is also valid in a bulk superconductor. For [7] . Let [2, 4] where y = 2 7T4&#x3E; /4&#x3E;0' e = 4 cos (a/03BEe) and f m n This leads in particular to a determinental equation [10, 11] where Pq('-) = Eq + . [5] where the complete GL equations have been considered.
The same calculation of Jc has been repeated for a diagonal configuration (Fig. 4) . The We have calculated Jc at H = 0 and some results are shown on figures 8 and 9. We notice that the maxima of J_ occur always at a/ ge = n7T, n = integer (see Fig. 8 ), where the factor in equation (4.14) assumes a value -h. This Fig. 8. -The optimal parameter a/7T03BEe corresponding to figure 6 as function of At. implies in particular that the 3/2 law is obeyed with a very good accuracy (Fig. 9 ). This behaviour of Jc seems to be obeyed experimentally (see below). ii) The same study has been extended to rational magnetic fields. For simplicity we ignore, in this section, the small field variation of f3 A. In figure 10 we show the temperature variations of Jc at different fields. Here again, the broken line shape is obtained, its origin is the same as for zero field. Furthermore, the 3/2 law is always a good representation and this whatever the value of the magnetic field. The only difference with the zero field case is the value of the slope C ((p / 00) in the 3/2 law : f3 A [6] . However we have no simple explanation for these features.
The main conclusion of this section is certainly the persistence of the 3/2 law on superconducting networks and this whatever the value of the magnetic flux. This law seems to hold in various situations, the net effect of the magnetic field is simply a non trivial prefactor C(0100).
Preliminary experiments.
We describe in this section some preliminary measurements on square networks of aluminium and indium filaments. For this purpose we designed a pattern appropriate for critical current measurements. The input current is injected along the diagonal of the cells in order to achieve the same current density in every strand of the network (Fig. 12) Preliminary experiments in a magnetic field (Fig. 14) The latter parameter is simply the generalization of Abrikosov's parameter (3 A' which was first introduced in the original theory of type II superconductors [8, 14] . In the case of bulk superconductors, H,2 = 00/2 7T03BE2(T) so &#x3E; = 1, and equations (A. 8) and (A.11) reduce to equations (6.87) and (6.88) of reference [14] .
The averaged value of the order parameter and therefore the free energy follow immediately from equation (A. 11) :
As indicate in reference [6] , for a real 2 D sample, the demagnetization effect must be accounted for by replacing the factor (2 K 2 -IU 2) in equations (A. 14) and (A.15) 
